Vascular endothelial growth factor rescues 2,3,7,8-tetrachlorodibenzo-p-dioxin inhibition of coronary vasculogenesis.
We previously demonstrated that the environmental pollutant 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) reduces coronary vascular development in chick embryos in vivo. In the current study, we assessed whether TCDD inhibits early events in coronary endothelial tube formation and outgrowth, and whether this inhibition occurs through a vascular endothelial growth factor (VEGF)-dependent mechanism. Fertile chicken eggs were treated with control (corn oil) or TCDD (0.3 pmol TCDD/g) on incubation day 0. On embryonic day 6, cardiac ventricle explants were cultured on a three-dimensional collagen gel, when coronary angioblasts are present, but prior to their assembly into endothelial tubes. Endothelial cells migrating out from explants were identified by immunohistochemistry, and endothelial tube number and length were quantitated. In addition, on incubation days 6 and 8, cardiac VEGF mRNA and protein were measured by reverse transcriptase-polymerase chain reaction (RT-PCR) and enzyme-linked immunosorbent assay (ELISA), respectively. Endothelial tube length and number were significantly reduced (40% +/- 1.7% and 36% +/- 3%, respectively) in TCDD explants, compared to controls. Recombinant exogenous VEGF, as well as hypoxic stimulation with CoCl2 or 10% O2, significantly increased the length and number of outgrowing tubes in TCDD cultures, and this stimulation was prevented by a VEGF neutralizing antibody. In contrast, VEGF neutralizing antibody reduced the length and number of tubes only in control cultures, and had no inhibitory effect on tube outgrowth from TCDD explants. Finally, hearts from TCDD-treated embryos exhibited a significant reduction in both VEGF mRNA and protein, compared to controls. These data suggest that TCDD inhibits early coronary vascular outgrowth via a VEGF-dependent mechanism.